Background: Solid tumor chemotherapy regimens pose a risk for hepatitis B virus (HBV) reactivation, but screening and antiviral prophylaxis remains controversial because of insufficient evidence.
M
ore than 350 million persons worldwide have hepatitis B virus (HBV) infection (1, 2) and are at risk for virus reactivation when given immunosuppressive therapy for various diseases (3, 4) . In oncology, reported reactivation rates range from 30% to 80% depending on the chemotherapy regimen and HBV serologic status (3) . Although reactivation can be asymptomatic, it can also delay chemotherapy and lead to severe hepatitis, liver failure, or death (5) . Multiple studies (5-10) have shown that antiviral prophylaxis before initiation of immunosuppressive treatment can markedly decrease the risk for HBV reactivation.
With increasing recognition of reactivation risk and the availability of effective prophylactic treatment, interest in appropriate HBV screening before chemotherapy initiation has grown (3, 11) . Current national guidelines, however, disagree on which populations to screen and which tests to use (12) (13) (14) . Hepatitis B virus screening is recommended in patients receiving rituximab chemotherapy and hematopoietic stem cell transplantation (14, 15) . However, despite the risk for reactivation (3, 16) , oncologic guidelines do not recommend universal screening for patients receiving chemotherapy for solid tumors because of insufficient evidence (14) .
Recent meta-analyses (17, 18) have reported the risk for HBV reactivation with rituximab therapy for hematologic tumors, but none have examined HBV reactivation with chemotherapy for solid tumors. Therefore, the purpose of this study was to determine the absolute risk for HBV reactivation with and without antiviral prophylaxis and the effectiveness of prophylaxis in reducing the risk for reactivation in patients with chronic or resolved HBV infection across solid tumors.
METHODS
All steps of the systematic review and meta-analysis were conducted using standard methods in accordance with the MOOSE (Meta-analysis of Observational Studies in Epidemiology) guidelines (19) . We developed and followed an unregistered protocol.
virus reactivation, and cancer chemotherapy were combined (Appendix Table 1 , available at www.annals.org). The search was limited to English-language articles, and conference abstracts were excluded. References from relevant review articles were examined to identify other potential studies. Two investigators (S.P. and A.S.) independently reviewed all articles for study inclusion. Discrepancies were resolved by consensus or by a third investigator (J.B.W.).
Study Selection
We included published studies of patients with HBV receiving chemotherapy for any solid tumor. Hepatitis B virus was defined serologically (before chemotherapy initiation) as either chronic HBV infection (positive surface antigen [HBsAg] , positive core antibody [HBcAb] , and negative surface antibody [HBsAb] with various HBV DNA levels) or resolved infection (negative HBsAg, positive HBcAb, variable HBsAb, and negative HBV DNA). Please see the Glossary for more details. We included randomized, controlled trials (RCTs) and observational studies and required at least 5 patients per group with a minimum 1-month follow-up after chemotherapy initiation. Case series; review articles; and studies involving pediatric populations (aged <18 years), autoimmune conditions, HIV, hepatitis C, or hepatocellular carcinoma were excluded.
We included studies that used chemotherapy for solid tumors with or without concomitant HBV prophylactic therapy. Antiviral therapy included lamivudine, telbivudine, adefovir, tenofovir, or entecavir. Patients could receive long-term antiviral treatment or prophylaxis before chemotherapy initiation. The comparator of interest, although not required, was chemotherapy without antiviral prophylaxis.
Our primary outcome was HBV reactivation as defined by a greater than 10-fold increase in HBV DNA levels from baseline or an absolute increase greater than 10 5 copies/mL (in chronic HBV infection) or the reemergence of HBsAg when previously negative (in resolved HBV infection). Secondary outcomes included HBV-related hepatitis, interrupted or delayed chemotherapy, acute liver failure (with coagulopathy and hepatic encephalopathy), and death. Although each study defined the degree of alanine aminotransferase (ALT) elevation needed for HBV-related hepatitis, virologic breakthrough was required. Withdrawal hepatitis, which refers to increased ALT or HBV DNA levels after antiviral cessation, was not included.
Data Extraction and Quality Assessment
All data were extracted by 1 researcher (S.P.) and verified by another independent researcher (A.S.) and included study author, publication date, country, patient age and sex, baseline HBV serology, baseline laboratory ALT and total bilirubin levels, type of tumor, chemotherapy, HBV prophylaxis given, presence of lamivudine resistance, study follow-up period, and the risk for each study outcome. If a study involved both solid and hematologic tumors, only the solid tumor data were extracted. Discrepancies were resolved through discussion or by a third investigator (J.B.W.).
Attempts were made to contact authors of included studies to clarify or collect additional data.
Two independent investigators (S.P. and A.S.) assessed study quality using the Newcastle-Ottawa Scale (NOS) for observational studies (20) . For RCTs, we applied the Cochrane Collaboration's tool for assessing risk of bias (21) in sequence generation, allocation concealment, blinding, outcome data, and selective outcome reporting.
Data Synthesis and Analysis
All meta-analyses were performed using randomeffects models, and results were pooled using the maximum likelihood estimation. The arcsine transformation was used to estimate the absolute risk for HBV reactivation and 95% CI with and without antiviral prophylaxis for each study. Because of the small number of events, the arcsine transformation was applied to the risk estimates to stabilize the variance (22) . We also estimated the pooled odds ratio (OR) with 95% CI of HBV reactivation with versus without prophylaxis. Because of sparse event data and imbalanced study groups, the treatment group continuity correction (the reciprocal of the opposite treatment group size) was added when no events were observed in 1 group of a study (23) .
Study heterogeneity was assessed using the Cochrane I 2 statistic (24). Data were not pooled if the I 2 statistic was greater than 40%. Sensitivity analyses explored the effect of low-quality data, various outcome definitions, and lamivudine resistance. A statistical sensitivity analysis was performed by using a MantelHaenszel analysis without a continuity correction factor. When heterogeneity was low and the number of studies was greater than 10, the relation between study precision and treatment effect was assessed with funnel plots and the Rü cker test (25) . The Rü cker test was used because it avoids false-positive results in the presence of substantial between-study heterogeneity or a substantial intervention effect (26) . Statistical analyses were performed with OpenMetaAnalyst (27) and the meta and metafor packages in R, version 3.2.1 (R Foundation for Statistical Computing) (28) . 
Role of the Funding Source

RESULTS
We identified 2192 citations though database searches, and 26 original reports met eligibility criteria (Appendix Figure 1 , available at www.annals.org): 23 involved chronic infection (29 -51) , and 3 involved resolved infection (52-54). Nine studies were not funded, 8 had government or hospital funding, 3 were supported by industry, and 6 mentioned no funding sources (Appendix Table 2 , available at www.annals .org).
Study and Patient Characteristics
Appendix Table 2 summarizes baseline study characteristics for patients with chronic and resolved HBV infection. We noted 13 double-group comparative studies, 9 single-group studies, 1 RCT of patients with chronic HBV, and 3 single-group studies of patients with resolved HBV. The 26 studies included 22 from Asia and 4 from Europe and involved cancer of the gastrointestinal tract, breast, lung, head and neck, and other sites. Chemotherapy regimens and corticosteroid use varied across studies. There were 1751 patients (range, 6 to 258) with chronic HBV infection, and 328 (range, 14 to 291) with resolved HBV. When reported, the median patient age across studies was 47 years (range, 20 to 80 years), with 357 men (24%) and 937 women. Further, 774 patients with chronic HBV received HBV prophylaxis (mostly lamivudine). None of the patients with resolved HBV infection received HBV prophylaxis. Baseline serum HBV DNA levels were inconsistently reported. The HBsAb status was reported in only 1 study (53) of resolved infection in which all 24 patients had positive HBsAb.
Study quality is reported in Appendix Table 3 (available at www.annals.org). All observational studies scored well on patient selection, with variable quality with respect to cohort comparability and outcome. In the 1 RCT, complete outcome data were reported but there was no allocation concealment or selective out- 
Absolute Risk for HBV Reactivation in Patients With Chronic HBV Across All Solid Tumors
The risk for HBV reactivation in patients with chronic HBV receiving chemotherapy for solid tumors without antiviral prophylaxis ranged from 4% to 68% (median, 25%) ( Figure 1 ) in 19 studies. Given the substantial between-study heterogeneity (I 2 = 78%), the estimates were not pooled. Although each study had adequate patient selection, 6 did not have adequate cohort follow-up (Appendix Table 3 ).
With antiviral prophylaxis, the risk was much lower, ranging from 0.9% to 31.4% (median, 4.1%) in 18 studies. Although heterogeneity was significant in the analysis (I 2 = 60%), this was mostly explained by 1 study (30) in which the reactivation rates were higher than anticipated and were speculated to be secondary to medication nonadherence. After removing this study, the I 2 statistic decreased from 60% to 0%, with a reactivation risk of 3.5% (95% CI, 2.3% to 5.0%).
Absolute Risk for HBV Reactivation in Chronic HBV, by Tumor and Chemotherapy Subtype
When examining HBV reactivation without prophylaxis by solid tumor subtype, Figure 2 shows a variable but appreciable risk among cancer of the gastrointestinal tract, breast, lung, and head and neck ranging from 5% to 68%. Appendix Figure 2 (available at www.annals .org) shows HBV reactivation without antiviral prophylaxis by the type of chemotherapy administered. (See Appendix Table 4 , available at www.annals.org, for a description of the chemotherapies analyzed.) Reactivation risk varied from 3.0% in the taxane group to 88% in 1 anthracycline-based study. Most studies (15 of 16) had a reactivation risk greater than 10%. The studies using anthracycline-based chemotherapy had a median reactivation risk of 29% (range, 14% to 88%) with considerable between-group heterogeneity (I 2 = 90%). All but 1 anthracycline-based study (43) involved patients with breast cancer. The platinum-based studies had a median reactivation risk of 25% (range, 24% to 49%) and involved cancer of the head and neck, lung, and breast and neuroendocrine tumors. The FOLFOX-/ FOLFIRI-based (folinic acid, fluorouracil, and oxaliplatin/ folinic acid, fluorouracil, and irinotecan hydrochloride) chemotherapy regimens involved patients with mainly colonic or gastric tumors, with the reactivation risk ranging from 19% to 25% (median, 25%). Antimetabolites used to treat colon and breast cancer had a reactivation risk of 17% to 23% (median, 20%). The single study of patients treated with taxane involved gastric, esophageal, and breast cancer, with a 3% reactivation risk.
Of the 9 studies that reported specific chemotherapy regimens, only 4 reported concomitant corticosteroid use. Of the 94 patients who received corticosteroids, 19 (20%) had HBV reactivation. Fifty-six patients did not receive corticosteroids, and 8 had reactivation events (14%). No patients receiving prophylaxis in either group had HBV reactivation. Four studies (37, 39, 42, 43) used steroids but did not report who had HBV reactivation, and 1 study (40) did not record steroid use.
Absolute Risk for Secondary Outcomes in Patients With Chronic HBV
Appendix Figure 3 (available at www.annals.org) displays the risk for each secondary outcome without antiviral prophylaxis. Without prophylaxis, there was a 2% to 60% risk (median, 23%) for HBV-related hepatitis and chemotherapy interruption. The risks for HBVrelated acute liver failure (median, 2%; range, 1% to 20%) and death (median, 2.3%; range, 0.4% to 20%) were lower but still appreciable.
The definition of HBV-related hepatitis varied across studies. Most studies used a common definition of a greater than 3-fold increase in ALT level that exceeded the upper limit of normal or an absolute increase in ALT level to more than 100 U/L compared with baseline. Two studies (30, 38) defined it as an ALT level twice the upper limit of normal. Four studies (34, 47, 48, 50) did not predefine hepatitis in their methods section. A sensitivity analysis removing these 4 studies revealed similar results (median risk, 21%; range, 2.3% to 54%).
Odds Ratio Comparing Antiviral Prophylaxis With No Prophylaxis in Chronic HBV
Among the 13 studies comparing reactivation risk in patients receiving antiviral prophylaxis versus no prophylaxis, 6 had excellent cohort comparability (29, 31, 39, 42, 45, 48) and 4 had adequate cohort comparability (33, 37, 38, 44). Three studies (32, 33, 41) did not compare the groups and were classified as low quality. The pooled OR was 0.12 (CI, 0.06 to 0.22; I 2 = 10%), indicating a significant reduction in HBV reactivation with prophylaxis ( Figure 3) . Excluding the 3 low-quality studies yielded similar results (Appendix Table 5 , available at www.annals.org). The regression test for funnel plot asymmetry was significant (P = 0.002).
Of note, 29 patients in 5 studies (30, 35, 36, 39, 51) were tested for lamivudine resistance as a cause of their HBV reactivation. Eighteen tested positive and were included in the initial analysis. When we excluded them from the analysis, the OR for HBV reactivation did not change (OR, 0.12 [CI, 0.07 to 0.23]; I 2 = 10%). , the results were not statistically significant. Regression testing for funnel plot asymmetry for hepatitis and death were not significant (P = 0.15 and 0.39, respectively). Not enough studies were available to test funnel plot asymmetry for the other secondary outcomes.
Sensitivity analyses are discussed in Appendix Table 5 . The results remained consistent after removing the 3 low-quality studies and the 4 studies with only adequate cohort comparability. We performed a Mantel-Haenszel meta-analysis without a continuity correction factor and found a statistically significant effect for acute liver failure (OR, 0.06 [CI, 0 to 0.70]) and death (OR 0.12 [CI, 0.02 to 0.87]).
Absolute Risk for HBV Reactivation in Patients With Resolved HBV
In 3 studies (52-54) of 328 patients with resolved HBV infection, the risk for reactivation without antiviral prophylaxis ranged from 0.3% to 9% (median, 3%) (Appendix Figure 4 , available at www.annals.org). Two of the 3 studies had inadequate follow-up but otherwise were representative of the cohort with no prophylaxis. The 3 patients who had HBV reactivation received platinum-based chemotherapy regimens. Most patients had lung cancer (186), 2 of whom had HBV reactivation (52, 53). Seven patients had head and neck cancer, 1 of whom had HBV reactivation (54).
DISCUSSION
We found that patients receiving chemotherapy for solid tumors who did not receive antiviral prophylaxis had a reactivation risk ranging from 4% to 68% (median, 25%) in chronic HBV infection and 0.3% to 9% (median, 3%) in resolved HBV infection. In chronic HBV, antiviral prophylaxis significantly reduced the risk for Our results are similar to those of previous systematic reviews (6 -8, 55 ) in patients with tumors and chronic HBV (searched in MEDLINE through 1 July 2015) that have found reactivation risks ranging from 33% to 67% among those who did not receive prophylaxis and 0% to 20% among those who received prophylaxis (mainly lamivudine). However, these studies combined solid and liquid tumors and did not report reactivation rates separately. In patients with solid tumors, meta-analyses (9, 10) Recently, the American Gastroenterological Association performed a technical review and published guidelines on the management of HBV reactivation during immunosuppressive treatment (56). The review included biological agents, traditional immunosuppressive agents (for example, 6-mercaptopurine and methotrexate), corticosteroid use, and commonly used oncologic therapies. It used stricter study inclusion criteria and consequently included fewer cohort studies than our analysis. Further, it defined high-risk patients as those with an HBV reactivation risk exceeding 10% or those with positive HBsAg who were receiving anthracycline-based chemotherapy. Although we could not pool estimates with regard to chemotherapy classes because of substantial heterogeneity and small sample sizes, most studies (15 of 16) examined by chemotherapy class had a risk for HBV reactivation greater than 10%. On the basis of this definition, our results 
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would also classify patients receiving platinum-, FOLFOX-/FOLFIRI-, or antimetabolite-based chemotherapy regimens to be at high risk for HBV reactivation and merit screening before chemotherapy. This can also be extended to the breast, gastrointestinal, lung, and head and neck tumor subtypes in which most studies had a reactivation risk exceeding 10%. We found no meta-analyses and limited studies examining reactivation risk in patients with resolved HBV in the literature on solid tumors. Our review found a small risk for reactivation ranging from 0.3% to 9% (median, 3.0%) in a limited number of patients. Although some data have indicated that HBsAb can protect against reactivation in patients with lymphoma and resolved HBV infection (57), we could not comment on the utility of HBsAb because not all studies included this information. Given this low reactivation risk without antiviral prophylaxis, periodic monitoring of liver enzymes and HBV DNA levels is probably warranted, but optimal management for patients with resolved HBV and solid tumors remains uncertain.
In 2008, the Centers for Disease Control and Prevention recommended universal HBV screening for all patients awaiting chemotherapy (12) . Specialty societies, including the American Association for the Study of Liver Diseases (13), Asian Pacific Association for the Study of the Liver (58), and the European Association for the Study of the Liver (59), recommended screening all patients receiving immunosuppressive therapy. However, the American Society of Clinical Oncology (14) recommended screening persons at high risk for HBV infection (based on birth country, blood transfusion history, history of intravenous drug use, and other risk factors) and those receiving "highly suppressive chemotherapy regimens," including hematopoietic stem cell transplant and rituximab therapy, before starting any form of chemotherapy.
Previous studies (17, 60, 61) in patients with resolved HBV receiving rituximab-based chemotherapy have reported that the reactivation risk ranges from 6% to 10%. Our study finds a greater reactivation risk in patients with chronic HBV infection receiving solid tumor chemotherapy. In addition, several studies (62-64) have shown that risk-based screening methods are often ineffective because patients and health care providers may be unaware of the need or may forget to screen for identifiable risk factors. These implementation issues coupled with the high risk for reactivation in patients receiving solid tumor chemotherapy support universal HBV screening for all patients before initiating chemotherapy.
It is interesting that patients with a history of resolved HBV infection are still at risk for reactivation in the setting of immunosuppressive therapies. This is related to the immunologic mechanism underlying HBV reactivation. Once infected with HBV, hepatocytes contain covalently closed circular HBV DNA replicative intermediates that persist even after clearance of the virus (3) and are responsible for reactivation in the setting of host immunosuppression. As a result, even patients with presumed immunity to HBV with circulating HBsAb and negative HBV DNA serum levels are at risk for reactivation. In addition, HBsAg titers may be undetectable over time or patients may have mutant HBsAg leading to false-negative results (3). This underscores the importance of screening all patients before solid tumor chemotherapy for HBV with not only HBsAg but also HBcAb. The Centers for Disease Control and Prevention, American Association for the Study of Liver Diseases, and others have also recommended testing for HBsAb in those receiving immunosuppressive therapy.
The issue of cost-effectiveness has often been raised when discussing universal HBV screening, especially in low-prevalence countries, such as the United States. One study (65) found universal HBV screening in patients with lymphoma receiving rituximab to be costeffective, but an Australian study (66) did not find screening to be cost-effective in patients with breast cancer. Future studies should examine the costeffectiveness of HBV screening before initiating chemotherapy to determine optimal screening strategies across different types of cancer and populations of HBV infection.
Our systematic review fills an important knowledge gap about the risk for HBV reactivation in patients with chronic HBV infection receiving chemotherapy for solid tumors and places this risk in context across different types of tumors, chemotherapies, and HBV serologies. Our results support universal HBV screening before chemotherapy for patients with solid tumors and antiviral prophylaxis for those with chronic HBV infection. The analysis also highlights the lack of published data about HBV reactivation in those with resolved HBV infection and solid tumors.
Our review also has several limitations. First, there was substantial heterogeneity seen in the risk for HBV reactivation without prophylaxis, which did not allow us to meta-analyze the data. Such heterogeneity is not surprising given differences in underlying types of cancer, treatment regimens, HBV genotypes, baseline serum HBV DNA levels, and dose and duration of both antiviral prophylaxis and chemotherapy. Given the aggregate nature of the studies, it was impossible to determine and quantify the degree of chemotherapeutic immunosuppression for each patient in each study. An individual patient-level meta-analysis would have been preferable to explore unexplained sources of heterogeneity.
Second, most studies were observational and retrospective, with only 1 RCT. Several studies were only single-group descriptive studies, and many had missing demographic and clinical information. As a result, known risk factors for reactivation, such as male sex, HBV e antigen seropositivity, younger age, increased HBV DNA levels, and longer chemotherapy duration (31), could not be examined. Further, sex bias may have occurred because many of the included patients were women (937 of 1294 patients with recorded sex status). This may limit the generalizability of the findings because male sex has previously been found to be a risk factor for HBV reactivation (49, 67). Of note, few studies commented on tumor response, cancer-related death, or all-cause mortality, which are clinically important and meaningful end points. Such inconsistencies call for more uniform reporting of data.
Third, quality was also of concern because none of the studies had blind assessment of outcomes. Patients in the exposed cohort seemed to be representative of the average patient with cancer and HBV, and the nonexposed cohort was selected from the same population. These studies were done in Asia, however, where the prevalence of HBV is high, and this may limit the generalizability of the results to less prevalent areas. Further, comparability of cohorts was questionable because only 5 of the studies controlled for the type or duration of chemotherapy. However, sensitivity analysis after excluding lower-quality studies did not alter the findings.
Finally, the funnel plot asymmetry test showed a statistically significant small-study effect in the metaanalysis of prophylaxis for reactivation. That is, the smaller, less precise studies showed a greater effect of prophylaxis than the larger studies, but even the larger studies showed benefit. Publication bias is a potential source of the funnel plot asymmetry, and there may have been studies that did not show evidence of HBV reactivation and were not retrieved because of publication in non-English-language journals or conference proceedings. Other potential explanations of the asymmetry include selective outcome reporting, clinical heterogeneity, and variation in study quality.
In conclusion, this systematic review and metaanalysis examined the risk for HBV reactivation and the benefits of antiviral prophylaxis in patients receiving solid tumor chemotherapy. Our results indicate that in patients with chronic HBV infection, the risk for reactivation is similar to or exceeds the risk from other types of immunosuppressive therapy in which screening and treatment are currently recommended. In addition, antiviral prophylaxis can significantly reduce HBV reactivation in this patient population. Our study supports universal HBV screening with HBsAg and HBcAb before initiation of chemotherapy for solid tumors and antiviral prophylaxis for patients with chronic infection. Future studies should further examine the risk for HBV reactivation in those with resolved infection and evaluate the cost-effectiveness of universal screening and treatment in these patient populations. 
